The aim of the present work was to develop and validate a multi-residue method for the analysis of 33 human and veterinary pharmaceuticals (non-steroidal anti-inflammatory drugs (NSAIDs)/analgesics, antibiotics and psychiatric drugs), including some of their metabolites, in several aqueous environmental matrices: drinking water, surface water and wastewaters. The method is based on solid phase extraction (SPE) followed by ultra-high performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS) and it was validated for different aqueous matrices, namely bottled water, tap water, seawater, river water and wastewaters, showing recoveries between 50% and 112% for the majority of the target analytes.
Introduction
The consumption of pharmaceuticals may vary considerably from country to country [1] , and no information for the total use of pharmaceuticals is available. They can be sold as prescription or over-the-counter medicines [2] and pharmaceuticals have an important role in the treatment and prevention of diseases in both human and veterinary medicine [3] . Additionally, they can be also used as growth promoters in animals [4] .
Pharmaceuticals are continually released into the environment mainly as a result of their excretion in urine and/or feces, manufacturing processes, and disposal of unused or expired products [5] . Besides that, pharmaceuticals can also directly enter the terrestrial and thus discharged into the environment [8] . Therefore, the presence of pharmaceuticals at trace levels (nanograms to low micrograms per liter) has been reported in wastewaters, surface waters, groundwater's and, to a lesser extent, drinking waters [9] [10] [11] [12] [13] . In this way, sensitive and reliable analytical methods must be developed for the detection and quantification of pharmaceuticals in the aquatic environment.
Sample preparation is considered to be a fundamental step in environmental analytical procedures [14] and has to be selective, cheap, quick, and environmentally friendly [15] . The use of solid phase extraction (SPE) for the sample preparation has increased over the last years, because it is easy to operate, has increased selectivity with many new sorbents, and has the possibility to interface for automation and robotics [14] . Its versatility (purification, trace enrichment, desalting, derivatization, and class fractionation) allows SPE to be the first choice to be used in sample preparation of liquid samples.
Tandem mass spectrometry (MS) is considered to be a high resolution and sensitive detection technique due to its specificity and low limits of detection [16] . Each year, LC-MS/MS become even more sensitive and is an important detection method in environmental analysis [9] . Numerous studies have demonstrated its distinct advantages for trace analysis of pharmaceuticals in environmental samples [9, 10, 12] .
The development of accurate multi-residue analytical methodologies for the simultaneous analyses of trace levels of human and veterinary pharmaceuticals in a wide range of aquatic environmental matrices is useful and necessary, in order to be possible to gather data on different ways of entrance of pharmaceuticals into the environment and, at the same time, evaluate the impact and distribution of either human and veterinary medicines in the aquatic environment. In the present study, an automated off-line SPE procedure followed by UHPLC coupled to triple quadrupole tandem MS with electrospray ionization source (ESI) was developed for the determination of 33 human and veterinary pharmaceuticals and some of their main metabolites, including non-steroidal anti-inflammatory drugs (NSAIDs)/analgesics, antibiotics, and psychiatric drugs. Different chromatographic and mass spectrometry parameters were optimized. A versatile SPE protocol was also developed in order to be applied to a great diversity of aquatic environmental matrices (e.g. wastewater, surface water, drinking water). Finally, the optimized method was successfully applied to sixteen samples embracing drinking water (bottled and tap water), surface water (seawater and river water) and wastewater (WWTP influent and effluent), allowing the evaluation of the distribution of the selected human and veterinary pharmaceuticals through the aquatic environment.
Materials and methods

Reagents, solvents and materials
All pharmaceuticals and isotopically labelled standards were of high purity grade (≥98%) and their physicochemical characteristics and suppliers are listed in Table SM1 of Supplementary Material.
Stock standard solutions (at a concentration of 1000 mg L −1 ) were prepared on a weight basis in acetonitrile, with exception of naproxen and diclofenac that were prepared in acetonitrile:methanol (50:50, v/v), since these substances are very slightly soluble in pure acetonitrile and freely soluble in methanol [17] ; and psychiatric drugs that were prepared in methanol. The antibiotics ofloxacin, ciprofloxacin, and enrofloxacin as well as the isotopically labelled standard ciprofloxacin-d8 were prepared in methanol adding NaOH 1 M as described by Ibáñez, M. et al. [18] . Carbamazepine-d10 (100 mg L −1 ), venlafaxine-d6 (100 mg L −1 ), diazepam-d5 (1000 mg L −1 ), and norsertraline (100 mg L −1 ) were purchased as free base in methanol.
All stock standard solutions were stored at −20 • C and renewed every 3 months, with the exception of antibiotics that were prepared monthly because of their limited stability. Working standard solutions containing all pharmaceuticals were prepared in acetonitrile:ultrapure water (30:70, v/v) by mixing appropriate amounts of each stock standard solution. These solutions were prepared before each analytical run.
A mixture with all isotopically labelled standards was prepared to be used for internal standard calibration.
Acetonitrile LC-MS grade was supplied by Biosolve (Valkenswaard, Netherland) and methanol LC-MS Ultra CHROMASOLV ® was purchased from Sigma-Aldrich. Hydrochloric acid 37% was obtained from Carlo Erba (Rodano, Italy), and formic acid 98% PA-ACS and ethylenediaminetetraacetic acid disodium salt 2-hydrate (Na 2 EDTA) (assay 99.9-101.0%) were obtained from Panreac (Barcelona, Spain). Ultrapure water (resistivity of 18.2 M cm) was produced using a Simplicity 185 system (Millipore, Molsheim, France). All chromatographic solvents were filtered through a 0.22 m nylon membrane filter (Fioroni Filters, Ingré, France) using a vacuum pump (Dinko D-95, Barcelona, Spain) and degassed for 15 min in an ultrasonic bath (Sonorex Digital 10P, Bandelin DK 255P, Germany). Before the UHPLC-MS/MS analysis, sample extracts were filtered through 0.22 m PTFE syringe filters (Specanalitica, Carcavelos, Portugal). SPE cartridges Strata-X (200 mg, 3 mL) from Phenomenex (California, USA) and Oasis MCX (150 mg, 6 mL) from Waters (Milford, Massachusets, USA) were used in the study of the SPE sorbent.
Sampling sites and sample collection
Sixteen samples were analyzed using the optimized analytical methodology. Two samples were collected for each type of water with the exception of seawater for which six samples were collected. Tap water samples were obtained from the tap of laboratory and in a private house located in the Porto area, whilst bottled waters were purchased in the local market. River samples were taken from Lis river, which crosses the city of Leiria in the center region of Portugal. Seawater samples from the Atlantic Ocean were collected in Porto coastal area from beaches with different bathing water quality (excellent, good and sufficient) [19] . Two beaches for each classification were selected. Wastewater samples (influent and effluent) were collected in two WWTPs located in the center region of Portugal (Leiria, Portugal). WWTP influent and effluent were 24 h composite samples, whereas the other types of waters were grab samples. Samples were collected in 2015.
Amber glass bottles pre-rinsed with ultrapure water were used for sample collection. After reception in the laboratory, wastewaters and river water were filtered through 0.45 m nylon membrane filters (Fioroni Filters, Ingré, France) followed by 0.22 m nylon membrane filters (Fioroni Filters, Ingré, France), while tap water and seawater were only filtered through 0.22 m nylon membrane filters (Fioroni Filters, Ingré, France).
Analytical method
SPE cartridges were conditioned with 5 mL of methanol followed by 5 mL of ultrapure water and 5 mL of ultrapure water at pH 2 using a vacuum system manifold (Chromabond, Düren, Germany). A suitable volume of a 0.1 M Na 2 EDTA solution was added to the water samples to achieve a final concentration of 0.1% (g solute/g solution). 250 mL of tap water, bottled water, seawater, and river water, 100 mL of WWTP effluent or 50 mL of WWTP influ- ent with pH adjusted to 2 with concentrated HCl were percolated through the cartridge. Then, the cartridges were rinsed with 5 mL of ultrapure water and dried under vacuum for 60 min to remove the excess of water. Finally, the elution was performed with 10 mL of methanol. Extracts were evaporated under a gentle stream of nitrogen and reconstituted with 500 L of acetonitrile:ultrapure water (30:70, v/v). Lastly, 5 L of a mixture of isotopically labelled standards was added in order to obtain a final concentration of 7.5 g L −1 for salicylic acid-d4, 150 g L −1 for acetaminophend4, 75 g L −1 for ibuprofen-d3, 10 g L −1 for carbamazepine-d10 and for fluoxetine-d5, 20 g L −1 for venlafaxine-d6, 40 g L −1 for diazepam-d5, 100 g L −1 for ciprofloxacin-d8 and azithromycind3, and 50 g L −1 for sulfamethoxazole-d4. Quantification of pharmaceuticals was performed in a Nexera Ultra-High Performance Liquid Chromatography system (Shimadzu Corporation, Kyoto, Japan) equipped with two solvent delivery modules, a degasser, an autosampler, a column oven, and coupled to a triple-quadupole mass spectrometer detector LCMS-8030 with an electrospray ionization source (ESI). NSAIDs/analgesics were analysed in negative ionization mode, while antibiotics and psychiatric drugs were determined in the positive ionization mode. Different chromatographic conditions were used for each ionization mode. NSAIDs/analgesics were analysed using previously optimized conditions [20] . Briefly, chromatographic separation was achieved using a Kinetex C18 column (150 × 2.1 mm i.d., 1.7 m particle size) from Phenomenex (California, USA), using ultrapure water as eluent A and acetonitrile as eluent B at a flow rate of 0.22 mL/min. The gradient elution was: 0-1.0 min, 30%-35.6% B; 1.0-2.0 min, 35.6%-100% B; 2.0-6.0 min, 100% B; 6.0-6.5 min, return to initial conditions; 6.5-10.5 min, reequilibration of the column.
For positive ionization mode, the chromatographic conditions were optimized and chromatographic separation was carried out in a Cortecs TM UPLC ® C18+ column (100 × 2.1 mm i.d.; 1.6 m particle size) from Waters (Milford, Massachusets, USA). Eluent A was 0.1% formic acid in ultrapure water and eluent B was acetonitrile at a flow rate of 0.3 mL min −1 . The gradient elution started with 5% of eluent B, increasing to 100% B in 3 min, maintained 100% B during 0.5 min and then, returned to initial conditions within 0.5 min.
The column was re-equilibrated for 3 min before the next injection. In both modes, the autosampler was operated at 4 • C, an injection volume of 5 L was used and column temperature was kept at 30 • C. Lab Solutions LC-MS software (Shimadzu Corporation, Kyoto, Japan) was used for system control and data processing. Source dependent parameters were optimized by the direct injection of a standard mixture solution 10 mg L −1 for positive ionization mode, whereas for negative mode the MS/MS conditions are described in a previous work [20] and are the following: desolvation line temperature (DLT) was set at 250 • C and heat block temperature (HBT) at 300 • C; interface voltage (IV) at 5.0 kV; nebulizing gas (NGF) and drying gas (DGF) at a flow rate of 2.6 and 12.5 L min −1 , respectively. For positive ionization mode, the optimized conditions (see subsection 3.1.1) were as follows: DLT: 300 • C; HBT: 425 • C; IV: 5.0 kV; NGF: 2.6 L min −1 and DGF:15.0 L min −1 . In both ionization modes, nitrogen was used as nebulizing and drying gas, and argon was used as collision induced dissociation gas at a pressure of 230 kPa. A dwell time of 25 ms and of 15 ms was used in negative and positive ionization, respectively.
Multiple reaction monitoring (MRM) is a method used in MS/MS in which an ion of a particular mass is selected in the first stage of a tandem mass spectrometer and an ion product of a fragmentation reaction of the precursor ion is selected in the second mass spectrometer stage, formed by collision-induced dissociation, for detection. The signal represents the precursor-to-product ion transition for a specific ion pair. The most intense product was set as quantifier ion whereas the second most intense was used as qualifier ion. Detailed data on the optimized mass spectrometry parameters (precursor ions, quantifier and qualifier ions, and ion ratio) as well as the corresponding internal standard used for quantification purposes is given in Table SM2 (Supplementary material).
Method validation
The performance of the method was evaluated through the estimation of the linearity, extraction recoveries, method detection limits (MDLs), method quantification limits (MQLs), precision as repeatability expressed as relative standard deviation (%RSD), reproducibility and matrix effects (ME) for each type of water sample.
Linearity was established by setting calibration curves (solvent and matrix matched) using linear regression analysis with concentrations in the range of 5-250 g L −1 . Quantification of the analytes was performed by the internal standard approach. Recoveries were determined by comparing concentrations obtained after the SPE procedure, calculated by internal standard calibration, with the initial fortification levels. Since water samples can contain target compounds, blanks (non-spiked samples) were also analyzed and the levels found subtracted from those obtained for spiked samples. MDLs and MQLs were determined as the minimum amount of analyte detectable with a signal-to-noise ratio of 3 and 10, respectively. The limits were determined using real samples whenever possible, otherwise spiked samples were used. Method precision was determined by intra-and inter-day analysis (%RSD). Three standards mixtures containing all the analytes at a final concentration of 25, 50, and 100 g L −1 were used and six successive injections in one day and six consecutive days (triplicate injections) was performed, respectively. To assess the ME in all types of waters, the slope of the matrix matched calibration curve was compared with the slope of the calibration curve prepared in solvent (acetonitrile:ultrapure water (30:70, v/v)). A blank (sample without addition of standards) was simultaneously assayed in order to subtract the concentration of the target analytes present in the sample. ME was calculated according to Eq. (1) [9, 21] , respectively. A value of zero indicates that there is no ME, while for a positive value there is an ion enhancement signal and for a negative value an ion suppression signal.
Signal supression(%) = slope matrix-matched slope solvent − 1 × 100 (1)
Results and discussion
UHPLC-MS/MS
3.1.1. Ion source parameters Source-dependent parameters such as DLT, HBT, IV, NGF, and DGF are key parameters to enrich the instrumental sensitivity [22] and, therefore they were studied. For NSAIDs/analgesics pharmaceuticals the source-dependent parameters were used as described in Paíga, P. et al. [20] , while for pharmaceuticals analyzed in positive ionization mode the parameters were optimized. In the case of DLT, temperatures from 200 to 300 • C were tested and it was observed an increase of the signal from 220 to 225 • C, being constant therefore for psychiatric drugs. However, for antibiotics the signal increased with the increment of the temperature. Thus, a temperature of 300 • C was selected, since antibiotics showed lower sensitivity when compared with psychiatric drugs. For HBT, temperatures between 200 and 500 • C were studied and, in general, high sensitivity was observed for all the compounds using a temperature of 425 • C. The influence of IV in the analytical signal was evaluated between 0 and 5 kV and it was noticed an increase in the signal with an increment in IV. A maximum signal was achieved for 5 kV, which was selected. NGF was studied between 0.5 and 3.0 L min −1 and it was observed an increase of the analytical signal from 0.5 to 2.6 L min −1 and after that a decrease. The highest signal intensity was obtained using 2.6 L min −1 . Lastly, DGF was varied between 10 and 20 L min −1 and a maximum response was obtained for a flow rate of 15 L min −1 .
Dwell time optimization
Using MRM for quantification Q1 and Q3 are set to filter specific ions as they pass through the ion optics. It is the dwell and the pause times together with the number of MRM transitions monitored that determine the cycle time and thus the number of data points obtained across a given peak [23] . While very short dwell times can be used for extended compound screening, higher dwell times are desirable for better Signal-to-Noise ratio. Thus, setting proper dwell time is necessary to achieve the best quality and quantity of data.
Different dwell times were studied in the interval of 1.0-100 ms. For antibiotics and psychiatric drugs, it was observed a constant analytical signal and a good reproducibility (RSD <5%) in the range of dwell time between 1.0 (RSD = 4.54%) and 15 ms (RSD = 3.09%). After that, an increase of the dwell time led to a decrease of the analytical signal with RSD values reaching 28%. Therefore, the best compromise between the analytical signal and the reproducibility was achieved using 15 ms for antibiotics and psychiatric drugs.
Chromatographic separation
Thirty-three human and veterinary pharmaceuticals (NSAIDs/analgesics, antibiotics, and psychiatric drugs) were studied in the present work. For NSAIDs/analgesics (negative ionization mode), chromatographic analysis was performed as described in Paíga, P. et al. [20] . For the remaining pharmaceuticals (positive ionization mode), the chromatographic conditions were optimized by evaluating different chromatographic columns, mobile phases, modes of elution, flow rates and column temperatures. The complexity of some compounds may cause problems during LC analysis, which often results in broad or tailing peaks, poor resolution or some shape issues due to an increased retention [24] . It was observed that for psychiatric drugs, 25% of acetonitrile was the initial maximum amount of organic solvent allowed for a good peak resolution, otherwise fronting and tailing peaks were obtained. In the other hand, for antibiotics at least 50% of organic solvent (acetonitrile) in the initial conditions was needed. It should be noted that even with that initial proportion of eluents, the tailing and fronting is not observed but large peaks were achieved.
The performance of two chromatographic columns was evaluated (Fig. SM1, Supplementary material) . Using Kinetex C18 column, the best peak resolution was achieved with 10% of ACN in the initial conditions of the gradient elution. Peaks well defined were obtained for psychiatric drugs, however almost all antibiotics showed a bad peak resolution (Fig. SM1-A, Supplementary  material) . Replacing the stationary phase by the column Cortecs TM UPLC ® C18+ (100 × 2.1 mm, 1.6 m) and using the best chromatographic conditions achieved for Kinetex C18 column, in general, a much better peak resolution was observed for all pharmaceuticals. Therefore, the column Cortecs TM UPLC ® C18+ was used for the chromatographic analysis in the positive ionization mode. Different mobile phases comprising several combinations of aqueous and organic eluents were tested in order to provide a better peak resolution and a good sensitivity as well. Both elution modes (isocratic and gradient) were tested. The best performance for all the pharmaceuticals was obtained using 0.1% formic acid in ultrapure water (A) and acetonitrile (B) in the mobile phase and a gradient elution as follows, initial conditions: 5% B; 0.0-3.0 min, 5-100% B; 3.0-3.5 min, 100% B; 3.5-4.0 min, return to initial conditions; 4.0-7.0 min, re-equilibration of the column. The flow rate was optimized to 0.3 mL min −1 . A representative chromatogram of a 100 g L −1 standard mixture of the selected pharmaceuticals is present in Fig. 1 .
Solid phase extraction optimization
3.2.1. Optimization of the SPE sorbent, sample pH adjustment and addition of Na 2 EDTA The performance of the polymeric sorbent Strata-X and of the mixed mode polymeric and cation exchange sorbent Oasis MCX on the extraction of the selected human and veterinary pharmaceuticals was evaluated. The effect of sample's pH in the recoveries of the selected pharmaceuticals was assessed for pH 2, 9, and without pH adjustment. Concentrated HCl or NaOH was used to adjust sample's pH. Different sample volumes (25, 50, 100, 250, and 500 mL) were also studied. Extraction efficiency of certain pharmaceuticals, like antibiotics, can be improved by adding Na 2 EDTA to the samples, because soluble metals bound to the chelating agent, releasing the analyte and increasing the extraction efficiency [25] . Thus, the effect of adding Na 2 EDTA, prior to extraction, in the recovery of the selected pharmaceuticals was also evaluated. Reconstitution solvent using different organic solvents (acetonitrile and methanol) and mixtures of solvents (methanol:ultrapure water (1:1, v/v), acetonitrile:ultrapure water (1:1, v/v), methanol:ultrapure water (3:7, v/v), acetonitrile:ultrapure water (3:7, v/v), methanol:ultrapure water with 0.1% formic acid (3:7, v/v), and acetonitrile:ultrapure water with 0.1% formic acid (3:7, v/v)) was also studied. All the optimizations were performed using 250 mL of ultrapure water and the extracts were reconstituted with 1 mL of acetonitrile. The obtained recoveries for the different tested conditions are present in the radar charts shown in Fig. 2 .
Using Strata-X, recoveries increased for carboxyibuprofen, ibuprofen, salicylic acid, clarithromycin, azithromycin, norsertraline, and sertraline at sample pH 2, acetylsalicylic acid, salicylic acid, trimethoprim, citalopram, and venlafaxine without sample pH adjustment, and trimethoprim, sulfadimethoxine, norfluoxetine and venlafaxine at sample pH 9. A decrease of recoveries was obtained for sulfapyridine, norfluoxetine, and trazodone at sample pH 2, hydroxyibuprofen, sulfadimethoxine, azithromycin, and 10,11-epoxycarbamazepine without sample pH adjustment, and diclofenac, ibuprofen, naproxen, clarithromycin, azithromycin, norsertraline, sertraline, paroxetine, and trazodone at sample pH 9, when Na 2 EDTA was added. Recoveries were constant for the remaining pharmaceuticals.
On the other hand, for Oasis MCX it was observed that, in all pH range, low recoveries were obtained for almost all NSAIDs/analgesics and antibiotics when Na 2 EDTA was added to the sample, with the exception of acetaminophen that had the highest recovery (between 81.6 to 96.3%), whereas carboxyibuprofen was not detected (Fig. 2) . In the case of psychiatric drugs, the behaviour observed was opposite and high recoveries were obtained with the addition of Na 2 EDTA. Low recoveries were only obtained for norfluoxetine at sample pH 2 and 10,11-epoxycarbamazepine without sample pH adjustment. For ciprofloxacin, enrofloxacin, and ofloxacin, low recoveries (<10%) were achieved using both types of sorbents in all tested conditions. For trimethoprim, a lower recovery (in all pH range) was achieved (<30%) using Oasis MCX without Na 2 EDTA addition than when the chelating agent was added. Using Strata-X, trimethoprim showed a good recovery in all experiments. For all the studied pH's the same behaviour was obtained for sulfonamide antibiotics and the high recoveries were achieved using Strata-X. After the addition of Na 2 EDTA, sulfonamides' recoveries remained constant using Strata-X, but decreased when Oasis MCX was used. Carbamazepine, citalopram, and venlafaxine had constant recoveries in all studied conditions and no influence of sorbent, sample's pH or addition of Na 2 EDTA was verified in the recovery results. In the case of paroxetine, for both types of SPE sorbents at pH 2, no difference was observed by the addition of Na 2 EDTA. For sertraline and trazodone recoveries were high using Oasis MCX with the addition of Na 2 EDTA.
A marked decrease in the recovery of NSAIDs/analgesics and antibiotics using Oasis MCX was observed when Na 2 EDTA was added (Fig. 2) . Although several studies mentioned the importance of adding a cation complexing agent (Na 2 EDTA) to chelate metals and to minimize interferences for some pharmaceuticals [9, 26] , our results are in agreement with literature [27, 28] , where a decrease of recoveries for some pharmaceuticals was also observed when Na 2 EDTA was added. A possible justification for this is that when the Na 2 EDTA is present in excess, it chelates not only metals but also organic compounds [27] .
Comparing the performance of both sorbents could be concluded that Strata-X allowed higher recoveries for the majority of the analysed pharmaceuticals. This could be due to a low retention of target compounds in Oasis MCX, since this mixed sorbent was a lower amount of reversed-phase sorbent comparatively to Strata-X.
For almost all pharmaceuticals, the highest recoveries were obtained when sample pH was adjusted to 2. These results can be explained by the presence of acidic functional groups in the molecular structure of many pharmaceuticals, therefore lowering pH under their pKa values enhances the presence of neutral forms and their interaction with the reversed-phase sorbent.
Despite of the good recoveries found for some pharmaceuticals using Oasis MCX, for the majority of the selected compounds the best recoveries were achieved using Strata-X cartridges, with sample pH adjusted to 2 and adding Na 2 EDTA to the sample. The recoveries of NSAIDs/analgesics ranged from 72.5% for acetylsalicylic acid to 111.5% for nimesulide with exception of acetaminophen (recovery of 27.8%). For most of pharmaceuticals, our recoveries were in accordance with results obtained by Gros, M. et al. [9] and Weigel, S. et al. [29] using polymeric sorbents. A similar recovery for acetaminophen was obtained by Weigel, S. et al. [29] and the low recovery obtained might be justified by its ready water solubility limiting the retention of acetaminophen. For antibiotics, recoveries were between 67.2% for clarithromycin and 97.8% for trimethoprim, with the exception of ciprofloxacin, enrofloxacin, and ofloxacin, with recoveries lower than 11%. Low recoveries (about 30%) for ciprofloxacin and ofloxacin were also obtained by S. Castiglioni et al. [30] , which pointed out the step of evaporation to dryness as the reason for the low recoveries for these antibiotics. For psychiatric drugs, recoveries ranged from 52.7% to 111.5% for trazodone and diazepam, respectively.
Reconstitution solvent after SPE extraction
None of the studied conditions previously described in subsection 3.2.1., allowed obtaining good recoveries for the fluoroquinolone antibiotics ciprofloxacin, enrofloxacin, and ofloxacin. Fluoroquinolones have an amphoteric behaviour (pKa = 5 and pKa = 8-9) and their solubility depend of the pH [31] . Thus, different reconstitution solvents were tested, embracing 100% of organic solvents or mixtures of solvents. The obtained results are present in Fig. SM2 (Supplementary material) . Using 100% of acetonitrile or 100% of methanol low recoveries were achieved, namely: 1.8, 17.1, and 13.5% for 100% of acetonitrile and 11.9, 53.2, and 50.1% for 100% methanol, for ciprofloxacin, enrofloxacin, and ofloxacin, respec- tively. Therefore, mixtures of organic solvents with ultrapure water at different proportions (1:1 and 3:7 (v/v)) were tested. The mixture of ultrapure water and acetonitrile improved the recoveries of all fluoroquinolones (>80%) and recoveries remained constants for both tested proportions (1:1 and 3:7 (v/v)). When ultrapure water was mixed with methanol in the proportion (1:1, v/v) recoveries were only higher for ciprofloxacin, while for the proportion 3:7 (v/v), recoveries increased for all fluoroquinolones with 49.1, 58.2, and 65.4% for ciprofloxacin, enrofloxacin, and ofloxacin, respectively.
Since the chromatographic separation of antibiotics and psychiatric drugs embracing the use of 0.1% of formic acid in the aqueous eluent, it is important to check the recoveries with the acidification of the aqueous phase in the reconstitution solvent. Thus, mixtures of 0.1% of formic acid in ultrapure water with acetonitrile or methanol were also tested, using the proportion 3:7 (v/v), due to the high recoveries obtained with this proportion. No signifi- cant improvements were noticed with the acidification of ultrapure water and recoveries between 85 and 102% and from 52 to 61% were obtained using acetonitrile and methanol as organic solvent, respectively. Therefore, the mixture of acetonitrile and ultrapure water in the proportion of 3:7 (v/v) was selected as reconstitution solvent.
Sample volume breakthrough
The study of the breakthrough volume was performed using surface water (river water) and wastewaters (WWTP influent and effluent). Volumes between 25 and 500 mL (river water) and from 25 to 250 mL (wastewaters) were tested. Results of recoveries are shown in Fig. 3 .
The mean recoveries obtained were: 82.9 (25 mL), 78.7 (50 mL), 81.3 (100 mL), 79.0 (250 mL), and 68.2% (500 mL) for river water; 91.0 (25 mL), 81.0 (50 mL), 76.6 (100 mL), and 69.0% (250 mL) for WWTP effluent; and 76.8 (25 mL), 75.1 (50 mL), 53.7 (100 mL), and 44.0% (250 mL) for WWTP influent, with RSD values lower than 10%.
The recovery of acetaminophen decreased with the increase of the sample volume, which is in agreement with previous works [20, 32] . Acetaminophen showed the same behaviour in all types of water tested. Even with a recovery lower than 50%, acetaminophen is detected in environment due to its high consumption. Therefore 250, 100, and 50 mL were the sample volumes selected for surfaces waters, WWTP effluent and WWTP influent, and recoveries between 30.3% (acetaminophen) and 101% (ibuprofen, naproxen, and nimesulide) for river water, 28.4 (acetaminophen) to 116% (acetylsalicylic acid) for WWTP effluent, and 32.6 (acetaminophen) to 122% (acetylsalicylic acid) for WWTP influent were achieved.
Method performance
Linearity, MDLs, MQLs, repeatability, reproducibility, recoveries and ME were performed. The linearity of the method was established by setting calibration curves (solvent and matrix matched) using linear regression analysis with concentrations in the range of 5-250 g L −1 . All pharmaceuticals gave good fits (R > 0.994). Calibration standards were measured at the beginning and at the end of each sequence. To check the signal stability, one calibration standard (100 g L −1 ) was injected repeatedly throughout the sequence. Solvent blanks consisting of acetonitrile were prepared to run after every five samples for monitoring the instrumental background.
Recoveries were evaluated at three levels of fortification for each type of water sample. The obtained results are summarized in tables SM3a and SM3b (Supplementary material). RSD values lower than 10% were achieved for all water samples. Generally, good recoveries were obtained for all the studied pharmaceuticals (>50%), except for acetaminophen in all type of water samples and for sulfapyridine, sulfamethazine, sulfamethoxypiridazine and sulfadimethoxine in seawater. Recoveries ranged from 50.5 (sulfamethoxazole) to 100% (ketoprofen, nimesulide, and paroxetine) for bottled water, 50.1 (sulfamethoxazole) to 98.0% (ciprofloxacin) for tap water, 56.6 (sulfadiazine) to 109% (naproxen) in seawater, 47.8 (sulfamethoxazole) to 102% (ciprofloxacin) for river water, 50.8 (10,11-epoxycarbamazepine) to 129% (acetylsalicylic acid) in WWTP effluent, and 51.6 (10,11-epoxycarbamazepine) to 122% (acetylsalicylic acid) in WWTP influent, respectively. The developed method showed good reproducibility, with RSD values ranging from 0.05 to 10% in all matrices (Table SM3 , Supplementary material). Similar recoveries were achieved by M. Gros et al. [33] for surface water, WWTP effluent, and influent, ranging from 60 to 142%, from 62 to 121%, and from 50 to 151%, respectively, and by Cai et al. [11] for drinking water, showing recoveries between 61.4-124.3% for most of the selected pharmaceuticals. The obtained recoveries for seawaters are also in agreement with literature, where recoveries from 26.6 to 229% were reported [34] .
MDLs and MQLs varied depending on the aquatic environmental matrix considered and higher values were achieved for WWTP effluent and influent (Table SM4 , Supplementary material). In general, MDLs ranged from 0.02 ng L −1 for salicylic acid, naproxen, and nimesulide, in bottled water, to 185 ng L −1 for norsertraline in WWTP influent, and MQLs varied between 0.04 ng L −1 for salicylic acid, in bottled water, and 562 ng L −1 for norsertraline, in WWTP influent. It should be highlighted that the highest MDLs and MQLs were obtained to the metabolites carboxyibuprofen, hydroxyibuprofen, and norsertraline and the pharmaceuticals ibuprofen and ciprofloxacin (up to 185 and 562 ng L −1 , respectively).
Three different concentrations (25, 50 , and 100 g L −1 ) were used and twelve successive injections in one day and triplicate injections in six consecutive days were performed for the intraand inter-day precision. The overall method precision was satisfactory, with RSD values ranging from 0.6 (hydroxyibuprofen) to Table 1b Concentration of pharmaceuticals, in ng L −1 , detected in river water, WWTP influent and effluent.
7.73% (norsertraline) for intra-day and 4.29 (salicylic acid) to 11.1% (norsertraline) for inter-day precision (Table SM5 , Supplementary material). Matrix effects (ME) is one significant drawback in ESI MS quantitative analysis, because the ESI source is highly susceptible to other components present in the matrix. The ME could be defined as the change in UHPLC-MS/MS response of an analyte, by suppression or enhancement of the signal, caused by coeluting matrix compounds, relative to an injection of a pure standard [35] . ME were evaluated for the different aquatic environmental matrices and results are shown in Fig. 4 and Fig. SM3 (Supplementary material) . It was observed ME in all the studied matrices, which, in general, was expressed as an ion suppression for almost all the pharmaceuticals. Although compounds like ciprofloxacin, sulfamethazine, sulfamethoxine, ofloxacin, norsertraline, norfluoxetine, venlafaxine, diazepam, ibuprofen and nimesulide showed ion enhancement for different matrices, mainly wastewaters (WWTP influent and effluent). In the case of ibuprofen and nimesulide, the ion enhancement was more pronounced in seawater (Fig. 4) . This could be justified by the high salt content of this matrix, suggesting that the salt residues might still be present in the sample extract, coeluting with the selected analytes [36] [37] [38] [39] . On the other hand, ion suppression was usually more evident for matrices such as WWTP effluent and river water, being this effect more pronounced for NSAIDs/analgesics (Fig. 4) . Nevertheless, antibiotics like clarithromycin, azithromycin and most of the sulfonamides as well as the antidepressants venlafaxine and citalopram and the metabolite norsertraline also had a marked ion suppression in WWTP effluent (Fig. 4) .
Evaluating the general ME observed for the different aquatic environmental matrices, it was noticed that ME were less pronounced (<20%) in bottled water and tap water for the majority of the selected pharmaceuticals (67% and 58% of pharmaceuticals fit in this level, respectively), while for surface waters, WWTP influent and effluent, more than 50% of the pharmaceuticals had ME higher than 20%. In fact, due to the high complexity of wastewaters, approximately one-third of the compounds showed ME higher than 50% (Fig. SM3, Supplementary material) .
Application to real samples
A total of sixteen samples embracing different types of water were analyzed using the developed analytical methodology. In Tables 1a and 1b, the concentration of the pharmaceuticals detected in each analyzed samples is in bold. It was possible to detect pharmaceuticals in all the considered aquatic environmental matrices, including drinking water. In fact, pharmaceuticals such as carbamazepine, fluoxetine, ibuprofen and ketoprofen, and the metabolite salicylic acid were found in bottled and tap waters, at concentrations up to 30.6 and 66.0 ng L −1 , respectively (Table 1a) . Concentrations were higher in tap water with salicylic acid, carbamazepine, and fluoxetine reaching concentrations of 66.0, 22.3, and 1.97 ng L −1 , respectively. Similar concentrations of carbamazepine were detected in drinking water of China [11] , while for salicylic acid, carbamazepine and fluoxetine the levels found in France [40] , Italy [41] , and USA [42] were lower than those reported herein. Pharmaceuticals have already been detected in bottled water in Spain, though, contrarily to what happen in this study, always at concentrations below MQL [43] .
Six seawater samples were collected in beaches with different bathing water quality (excellent, good and sufficient) [19] and it was possible to detect all the NSAIDs/analgesics, as well as six antibiotics, and three psychiatric drugs in at least one sample (Table 1a) . In fact, the NSAIDs/analgesics acetaminophen, ibuprofen and ketoprofen and the metabolites salicylic acid and hydroxyibuprofen were detected in all the analyzed samples. NSAIDs/analgesics were found at concentrations ranging from 2.36 ng L −1 (diclofenac) to 270.4 ng L −1 (carboxyibuprofen), whereas the levels of psychiatric drugs varied between 0.25 ng L −1 and 28.3 ng L −1 , for fluoxetine and carbamazepine, respectively. Sulfonamides were the most detected antibiotics in seawater, but only sulfamethoxazole was quantified (1.65 ng L −1 ). Similar findings were reported for antibiotics in the Mediterranean coast [44] , while the NSAID ibuprofen was found at higher levels [45] , and acetaminophen and salicylic acid at lower concentrations [9, 46] than those reported herein. On the other hand, carbamazepine was detected at similar concentrations (4.0-26.3 ng L −1 ) in seawater from Canada [47] , while higher concentrations of fluoxetine were reported in Pacific Ocean [48] .
The results obtained for river water and wastewaters (WWTP influent and effluent) are shown in Table 1b . In river water, the highest concentrations were reported for the metabolite salicylic acid (89.2-128.2 ng L −1 ), followed by the antiepileptic carbamazepine (32.9-34.4 ng L −1 ) and the analgesic acetaminophen (<MDL-4.90 ng L −1 ). Clarithromycin was the only antibiotic detected in river water, but below MDL (Table 1b) . Similar findings were reported for Spanish rivers [22] and in Jamaica Bay [49] .
Regarding wastewaters, in WWTP influents, the highest concentrations were found for the NSAIDs/analgesics acetaminophen, naproxen, and ibuprofen, and for the metabolites carboxyibuprofen and salicylic acid, reaching levels up to 615 g L −1 (acetaminophen) (Table 1b) ; while in WWTP effluents, pharmaceuticals like acetaminophen, ibuprofen and carbamazepine and the metabolites salicylic acid and hydroxyibuprofen showed the highest concentrations (up to 2139 ng L −1 ). Similar levels of NSAIDs/analgesics were reported in WWTP effluents in Spain [35] , while in Canada higher levels were found [50] . Identical concentrations of carbamazepine and fluoxetine were also found in Spanish [35] and Chinese wastewaters [51] , respectively.
Conclusions
Pharmaceuticals are one of the major groups of emerging contaminants that are commonly found and targeted in environmental analysis. A proper sample preparation combined with LC-MS/MS analysis can ensure the sensitivity and accuracy required for the trace analysis of pharmaceuticals in the environment.
Gathering a SPE extraction protocol using a polymeric sorbent (Strata-X) with the UHPLC-MS/MS technology for chromatographic analysis allowed getting a fast, reliable, sensitive, robust and accurate multi-residue analytical method for the simultaneous analyses of trace levels of human and veterinary pharmaceuticals in a wide range of aquatic environmental matrices. The developed analytical method enabled the simultaneous analysis of a total of 33 pharmaceuticals and metabolites belonging to three therapeutic groups and having important differences in their chemical structures. Recoveries higher than 50% were obtained for the selected pharmaceuticals and metabolites for all the aqueous environmental matrices, with the exception of acetaminophen; and sulfapyridine, sulfamethazine, sulfamethoxypiridazine, and sulfadimethoxine in seawater. MDLs in the low ng L −1 range were achieved, allowing the application of the developed tool in the monitoring of trace levels of pharmaceuticals.
The optimized method was applied to six types of water embracing drinking water, surface water and wastewater, in a total of sixteen samples, proving to be an interesting tool to gather data on the different ways of entrance of pharmaceuticals into the environment as well as to evaluate the impact and distribution of either human and veterinary medicines in the aquatic environment, allowing to track the presence of pharmaceuticals and their metabolites among the water cycle. The obtained results showed a widespread occurrence of pharmaceuticals in the aquatic environment, being NSAIDs/analgesics the therapeutic group most frequently detected in all aqueous environmental matrices, followed by psychiatric drugs and antibiotics.
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